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© Prrotopotyrnerlzabie dental composition. 

© A photopolymerlzable dental composition, which comprises: 

(A) an organic composite filler obtained by polymerizing at least one csrboxylic acid monomer of the 
formula: 




C * C 



— coox 



(I) 
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wherein R T Is a hydrogen atom, a Ct-Cis alkyl group, a -COOY group, a halogen atom, or a phenyl group 
or a derivative thereof; Hz Is a hydrogen atom, a Ci-Cis alkyl group, a -COOZ group, a halogen atom, or a 
phenyl group or a derivative thereof; Rs Is a hydrogen atom, a Ci-Cis alkyl group, a halogen atom, or a 
phenyl group or a derivative thereof; and each of X, Y and 2 Is a hydrogen atom. NH* or an alkali metal 
atom; or the formula: 
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wherein each of R* and Rs is a hydrogen atom, a Ct-Cis alkyl group, a halogen atom, or a phenyl group or 
a derivative thereof; and at least one radical potymerizabfe vinyl monomer in a polymerization system In 
which an inorganic compound la oSspersed: 

(B) a monomer mixture comprising 2£-brs(4Kmethacryloxyethoxy)p^ at least one non- 

functional urethane (meth)acry1ats of the formula: 




(III) 



I 1 



.CH-OOC-C=CH 2 
wherein X is ^CH 2 4^-HNC0O-CH^ 



>C=CH, 

4 



wherein n is an Integer of from 1 to 10, and each of Ri and Ra which may be the same or Different is a 
hydrogen atom or a methyl group, and a diluting ethytenfc vinyi monomer; and 

(C) a photo polymerization Initiator comprising an crdi ketone compound and a reducing agent 
wherein the reducing agent is a diaminobenzophenone compound of the formula: 



h R 2 




\ 



3*4 



(IV) 



wherein each ol Hi to R* which may be the same or different is a hydrogen atom or a Ct-Cs alkyl group, 
provided that at least one ol tham is the alkyl group. 
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PHOTOPOLYMERIZABLE DENTAL COMPOSITION 



Ths present inventiorr relates to a dental filling composition containing a substantial amount of an 
organic composts filler as inorganic material. Mors particularly, it relates to a photopolymerizable dental 
filling composition which can readily be polymerized by irradiation with a visible light to provide a cured 
product having high mechanical properties and excellent watBr resistance. 

g For dental fining material It is important that such material has not only good physical properties such 
as mechanical strength, abrasion resistance, water resistance and adhesive properties but also aesthetical 
properties such as transparency and polishability to make it took like natural teeth. Many attempts have 
been made to develop a so-called composite resin having an Inorganic filler incorporated into a resin, as a 
substitute material far amalgam and with an object to improve the above-mentioned properties. 

10 This composite resin Is usually composed essentially of three components of (1) an inorganic filler. (2) 
an olefinic unsaturated compound and (3) a polymerization initiator. However, if an inorganic filler and an 
organic resin are simply blended, it Is difficult to obtain adequate composite properties since the Inorganic 
filler and the organic resin are poor In the Interfaclal affinity such as the compatibility or the adhesion to 
each other. In order to overcome such a drawback, a dental material has been proposed In which a filler 

is prepared by treating a glass surface with a silane coupling agent is Incorporated. However, the surface 
treatment with a silane coupling agent Is Hmrted in its applicable Inorganic material to a glass filler having 
silanol groups on Its surface and thus has a serious drawback that it is poor in the general applicability. 
Further, there is a problem such that the formed siloxane linkage Is susceptible to hydrolysis and thus Is 
poor In the water resistance. Accordingly, when applied to a dental filling composition, it hardly provides an 

2o interfadal reinforcing property to a quartz filler which is commonly employed as a filler to impart primarily 
high hardness and aesthetical properties. Further, it has a clinical problem such that since the water 
resistance is poor, the mechanical strength tends to deteriorate as lime passes during clinic for a long 
period of time in a wet oral cavity. 

Further, various studies have been made on the monomer constituting the organic resin. For example, a 

& blsphenol A mufti-functional monomer represented by blsphenol A diglyctdyl methacrylate (hereinafter 
referred to slmpiy as Bis-GMA) has been proposed as a monomer which provides a composite having a 
small polymerization shrinkage factor, and a hydrophobic monomer 2^-bis[4-{methacryloxyethoxy)-phenyll- 
propane {hereinafter referred to simply as Bis-MEPP) has been proposed as a monomer which provides 
excellent water resistance. However, Bis-GMA has a hydroxy! group In its molecule, and the resulting cured 

30 product is highly water absorptive and thus Is poor in the water resistance. On the other hand, when Bis- 
MEPP is used, the curability is poor and adequate crosslInJdng density is hardly obtainable, and there has 
been a problem that the product is poor In the mechanical strength. Further, even if Bis-GMA and Bis- 
MEPP are combined to complement these drawbacks, it is impossible to obtain a composite resin having 
satisfactory properties. Accordingly, in order to determine a monomer composition for a particular purpose, 

36 It is necessary to study a very wide range of monomer compositions. 

It is an object of the present Invention to provide a photopolymerizable dental composition having 
excellent mechanical strength and good water resistance. 

The present Invention provides a photopolymerizable dental composition, which comprises: 
(A) an organic composite filler obtained by polymerizing at least one carboxyfic acid monomer of the 

<o formula: 



45 




wherein Ri is a hydrogen atom, a Ci-Cts alkyl group, a -COOY group, a halogen atom, or a phenyl group 
or a derivative thereof: Ra is a hydrogen atom, a Ci-C 15 alkyf group, a -COOZ group, a halogen atom, or a 
phenyl group or a derivative thereof; R» is a hydrogen atom, a Ct-Cis alkyi group, a halogen atom, or a 
phenyl group or a derivative thereof; and each of X. Y and Z Is a hydrogen atom, NH*. or an alkali metal 
atom: or the formula: 
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wherein each of R* and Rs Is a hydrogen atom, a Ci-Cis alkyl group, a halogen atom, or a phenyl group or 
a derivative thereof; and at least one radical polymerteable vinyl monomer in a polymerization system In 
which an Inorganic compound Is dispersed; 

(B) a monomer mixture comprising 2>bis[4-<methacryloxyethoxy)phenyl3propane, at least one hexa- 
functiortaJ urethane (meth)acrylat9 of the formula: 

O 



20 



25 




(III) 




SO 



35 



40 



45 



50 



wherein X Is 

CH-0OC-C=CH 2 
R 2 

wherein n is an integer of from 1 to 10, and each of Ri and Ra which may be the same or different is a 
hydrogen atom or a methyl group, and a diluting ethyienic vinyl monomer; and 

(O a photDpolymerization initiator comprising an o-d (ketone compound and a reducing agent, 
wherein Ihe reducing agent is a alamlnobenzophenone compound of the formula: 




wherein each of Ri to FU which may be the same or different is a hydrogen atom or a Ci-Cs alkyl group, 
provided that at least one of them is the alkyl group. 

Now, the present Invention will be described in detail with reference to the preferred embodiments. 

The organic composite filler (A) constituting the composition of the present Invention can be obtained 
55 by polymerizing the carboxytic acid monomer with at toast one other porymerizabte vinyl monomer in a 
polymerization system in which an Inorganic compound Is dispersed. There is no particular restriction as to 
the method for its preparation. As a preferred embodiment a method may be mentioned wherein a vinyl 
monomer and an inorganic compound are suspended and dispersed in an aqueous medium under such a 
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temperature condition that no thermal polymerization takes place, and then, the carboxyiic acid monomer is 
added and stirred to initiate aqueous heterogeneous polymerization, whereby the polymerization is con- 
ducted for a predetermined period of time. 

In the above polymerization, a radtcaJ polymerization initiator may be added as the case requires. For 

5 example. It is preferred to add a radical polymerization initiator when a high graft rate is required or when a 
mixture of various vinyl monomers is used. 

The specific carboxyiic acid monomer represented by the formula I or It to be used for the formation of 
the organic composite filler (A) is required to have a carboxyiic acid group as an active site which brings 
about the polymerization activity and a double bond as an active site which provides firm consolidation of 

jo the resulting polymer and the inorganic compound. Any compound of the formula ! or II having such 
functional groups can be used. Specifically, acrylic acid, methacryiic add, crotonic acid, tiglic acid, 
cinnamic acid, maleic anhydride and citracontc anhydride may be mentioned. Among them, acrylic acid, 
methacryiic add, crotonic add and maieic anhydride are particularly preferred since they have very high 
polymerization activities. 

is The inorganic compound to be used for the preparation of the organic composite filler (A) includes 
elements of Groups 1, 11, Hi, IV and V of the Periodic Table, transition metaJs and their oxides, hydroxides, 
chlorides, sulfates, sulfites, carbonates, phosphates and silicates, and mixtures end complex salts thereof. 
Among them, barium sulfate, barium fluoride, silicon dioxide, aiminum oxide, titanium oxide, quartz powder, 
glass powder, glass beads, glass fibers, a glass filler containing a barium salt, a lead salt or a strontium salt, 

20 silica gel. zirconium oxide and tin oxide are particularly preferred since they provide particularly excellent 
effects for activating the vinyl monomer and for firm consolidation with the polymer. It is one of the features 
of the present invention that the present invention is applicable to an Inorganic compound to which usual 
coupling treatment is not applicable, and the shape and the size of the inorganic compound can suitably be 
selected. 

25 As the vinyl monomer for the preparation of the organic composite filler (A) of the present Invention, 
any usual radically poiymerlzable vinyl monomer may be used. Specifically, the vinyl monomer includes 
alkyl esters of (meth)acryllc acid such as methyl methaerylate and butyl acrylate; aromatic vrnyi monomers 
such as styrene and o-methyl styrene; vinyl cyanide monomers such as acrylonltrile and methacryionitrile; 
and monomers useful as the ethylenic vinyl monomer mixture (S> In the present Invention. The monomer Is 

30 suitably selected depending upon the particular purpose. 

The radical polymerization initiator to be used for the preparation of the organic composite filler (A) may 
be any usual peroxide or azo compound. However, It Is preferred to employ a radical polymerization initiator 
which is decomposable within a temperature range of from 40 to 100* C. Among them, peroxides such as 
benzoyl peroxide and potassium persuSfate and azo compounds such as azobisisobLitylonitiile are parti cu- 

35 larly effective and preferred In view of the graft rate of the resulting organic composite filler. 

The concentration of the carboxyiic add monomer for the preparation of the organic composite flllBr (A) 
is usually from about 0.05 to 100% by weight preferably from 0.1 to 50% by weight, more preferably from 
0.5 to 30% by weight, based on the total weight of the Inorganic compound and the vinyl monomer. In 
many cases. It Is preferred to increase the amount of the carboxyiic add monomer as the vinyl monomer 

40 component increases. The weight ratio of the vinyl monomer or a mixture of vinyl monomers to the 
Inorganic compound used may be varied within a wide range and is usually within a range of from about 
500:1 to about 1:5, preferably from about 50:1 to about 1:1. When the polymerization Is conducted In an 
aqueous medium, the amount of water is usually from about 1 % to several hundreds times, preferably from 
about 10% to 10 times, based on the total weight of the inorganic compound and the vinyl monomer. 

43 The reaction is preferably conducted In an atmosphere of an inert gas such as nitrogen usually at a 
temperature of from about 10 to 100*C. preferably at a temperature of about 40 to 100* C at which the 
radical polymerization Initiator can be decomposed. Here, the practical reaction temperature Is suitably 
selected depending upon the vinyl monomer. However. K is important to conduct the reaction at a controlled 
temperature where thermal polymerization Is negligible. If the reaction Is conducted at a high temperature 

so where thermal polymerization takes place substantially, the consolidation and the uniformity of the resulting 
composite filler will be impaired. The reaction time is usually from 30 minutes to about 15 hours. The 
resulting organic composite filler may be dried usually within a temperature range of from about 10 to 
300* C. preferably from about 50 to 200* C. The interaction between the surface of the Inorganic compound 
and the polymer provided by the method of the present invention is beyond a usual physical adhesion due 

56 to simple adsorption or van dBr Waais force. This Is evident from the fact that a substantial amount of non- 
extracted polymer remains even when the vinyl polymer Is subjected to extraction treatment with a good 
solvent 

In the above-mentioned organic composite filler (A), various inorganic compounds can be firmly 
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consolidated with an organic polymer. Thus, the compatibility of the inorganic compound and the organic 
polymer in the composite resin is good and the Inorganic compound required for a dental composition can 
optionally be selected depending. upon the particular purpose to obtain a dental composition as the desired 
product of the prsesent invention. 

3 The ethylenic vinyl monomer mixture (B) to be used tn the present invention contains Bis-MB*P and a 
hexa-functfonal urethane (meih)acrylate of the formula III. By the combination of the two types of 
monomers. It is surprisingly possible to obtain a composite resin having excellent mechanical strength and 
" good water resistance when the composition of the present invention is cured. / 

Among the monomers of the formula IR, a hexa-functional urethane acrylate wherein n is 6, Ri is a 

to hydrogen atom and Rz is a methyl group {hereinafter referred to simply as U-6HA) and a hexa-fu notional 
urethane meth acrylate wherein n is 9 and each of Rt and Rz is a methyl group {hereinafter referred to 
simply as U-6H) are preferred from the viewpoint of curaoiBty. Among them, U-6KA is most preferred. 

in the present invention, there Is no particular restriction as to the proportions of Bis-MEPP, the hexa- 
fu notional urethane (meth)acrylats and the diluting ethylenic vinyl monomer in the monomer mixture (B). 

rs However, from the viewpoint of the operation efficiency for handling the composition of the present 
invention, it is preferred to adjust the proportions so that the viscosity of the composition of the present 
invention would be from 1,000 to 500,000 poise at 25 *C. Usually, the proportions of Bis-MEPP and the 
hexa-functfonal urethane (methjacrylate in the monomer mixture (B) are from 40 to 70% by weight and from 
10 to 40% by weight, respectively. Further, from the viewpoint of the water resistance and mechanical 

20 strengm, the blend ratio (weight ratio) of the hexa-fu notional urethane (meth)acryiate to Bis-MEPP Is usually 
from 0.05:1 to 1:1, preferably from 0.1:1 to 0.8:1 , more preferably from 0.2:1 to 0.5:1. 

As the diluting ethylenic vinyl monomer for the present invention, the conventional monomers com- 
monly employed for dental composite resins may be used. Specific examples Include alkanecflol di(meth)- 
acryfates such as 1 ,5-hexamethyfene glycol cflmethacryfate: polyalkyiene glycol di(metfi)acrytatas such as 

25 tri ethylene glycol dimethacrylate (hereinafter referred to simply as 36) and tetraethylerte glycol di(meth)- 
acrytats; alkyl esters of (meth)acryDc acid such as trimethylolpropane tri(meth)acrylate, glycidyl (meth)- 
acryiate, methyl methacryEate and butyl acrylate: aromatic vinyl compounds such as styrene and or-m ethyl 
styrene; and vinyl cyanide compounds such as acrylonitrile and methacryionitrile. In the present invention, 
the radical porymerizable vinyl monomer used in the organic composite filler (A) and the monomer mixture 

aa (B) may be the same. 

The proportions of the organic composite filler (A) and the monomer mixture (B) may optionally be 
selected depending upon the types and the purposes of the Inorganic compound used for the After (A) and 
the monomer mixture (8). However, the organic composite filler (A) and the monomer mixture (B) are used 
usually within the ranges of from 20 to 90 parts by weight and from 10 to 80 parts by weight respectively. 

as There Is no particular restriction as to the photopoiymerlzatlon initiator (C) In the present Invention. 
However, in view of its dental use in the oral cavity, it is preferably operable with a visible light having a 
wavelength of from 400 to 800 rtm excluding the near ultraviolet region. Further, from the clinical standpoint 
it is preferably curable in about 30 seconds. 

From the foregoing points, preferred photopolymerization Initiators (C) include a-dtketone compounds 

<o such as camphor quinone (hereinafter referred to simply as CQ), benzyl and diacetyt, and a mixture thereof. 
The <z*diketone compound can be used in combination with a reducing agent In the composition of the 
present invention, the reducing agent Is required from the viewpoint of high curability to be diaminoben- 
zophenone compounds of the formula: 



wherein each of Rr to R* which may be the same or different is a hydrogen atom or a C1-C3 alky! group, 
provided that at feast one of them is the alkyl group. Among them, 4,4'-bis(dimethy[amino)benzophenon6 
(hereinafter referred to simply as AB) wherein each ol R1 to R* is a methyl group is particularly preferred 
from the viewpoint of curability. 

The amount of the photopoiymertzation initiator (C) is suitably selected taking into consideration the 
curability, the storage stability and the color tone of the compositon. However, in a combined system of the 
o-difcetone compound with the diaminobsnzophenone compound, the initiator is used usually in such an 
amount that the a-diketone compound is from 0.01 to 15% by weight, preferably from 0.05 to 5% by 




(IV) 
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weight, more preferably from 0.1 to 2% by weight, relative to the monomer mixture (B), and the 
diaminobenzophenone compound is within a range of from 0.0t to 15% by weight relative to the monomer 
mixture (B). . 

In addition to the above components, a filler may be added to the composition of the present Invention, 
5 as the case requires. Such a filler component includes elements of Groups I. II, 111, IV and V, transition 
metals and their oxides, hydroxides, chlorides, sulfates, sulfites, carbonates, phosphates and silicates, and 
mixtures and complex salts thereof. Among them, silicon dioxide, quartz powder, aluminum oxide, barium 
sulfate, titanium oxide, talc, glass powder, glass beads, glass fibers, a glass filler containing a barium salt or 
a lead salt silica gel, colloidal silica, carbon fibers, zirconium oxide, tin oxide and other ceramics powders 
to are preferred. The above filler may be a non-treated filler, a filler having its surface treated with e.g. a silane 
coupling agent or an organic composite filler obtained by consolidating a filler with > polymer, followed 
pulverization. 

The amount of the filler to be incorporated can be suitably changed depending upon the particular 
purpose of the photopolymerlzable dental composition. However, the filler is usually incorporated In an 
is amount within a range of from 0.1 to 10*% by weight, preferably from 0.5 to 5 x 10*% by weight more 
preferably from 1 to 10*% by weight relative to the above-mentioned monomer mixture (8) to form a paste 
composition. 

Further, a coloring agent a polymerization Inhibitor (such as hydroqufnone, methoxybenzophenone. 
methylphenol or hydroquinone monomethyl ether), an oxidation stabilizer, an ultraviolet absorber (such as 
20 bsnzophenone), a pigment (such as Iron oxide or titanium oxide) and a dyestuff may further be incorporated 
to the composition of the present invention, as the case requires. 

Now. the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to such specific Examples. In the 
Examples, "parts" means "parts by weight". 

25 

Preparation of organic composite fillers 



30 

Organic composite filler (1): 

In a 500 ml four necked separable flask equipped with a condenser, a nitrogen supply tube, a stirrer 
and a thermo couple for detecting the internal temperature, 50 g of fine quartz powder (prepared by 

as pulverizing quartz A-2 manufactured by Tatsumori K.K. to an average partlde size of from 1 to 2 urn) and 
50 g of barium glass (prepared by pulverizing barium glass #7724 manufactured by Coming Company to an 
average particle size of from 1 to 2 urn) were suspended and dispersed as the inorganic compounds In 300 
ml of deionized water and flushed with nitrogen for 30 minutes. Then, 3.0 g of methyl methaerylate was 
added as the vinyl ^monomer while vigorously stirring under a nitrogen atomsphere. Then, the suspension 

-<o was heated to 70 "C in a warm water bath. After confirming that the suspension was m a uniformly 
dispersed state, 0.5 g of acrylic acid as the carboxylic acid monomer was gradually added, and the 
polymerization reaction was conducted at the same temperature for 8 hours. 

After the completion of the reaction, the product was collected by filtration under reduced pressure, 
thoroughly washed with deioni2ed water and then dried by hot air drying at 100" C to remove the moisture 

as to obtain about 100 g of an organic composite filter (i). The composite filler thus obtained had a polymer 
content of 2.5% as measured by a baking method, and when ft was subjected to a Soxhlet extraction test 
for 50 hours by using hot benzene as the extracting solvent the polymer content after the extraction was 
2.0%. Thus, It was found that the majority of the polymer in the composite filter was extremely firmly 
consolidated to the surface of the fine quartz powder and barium glass. Separately, 100 g of each of the 

so fine quartz powder and the barium glass was polymerized In the same manner independently, whereby the 
resulting product had the same polymer content as In the case of the combined system. Therefore, ft is 
considered that the two inorganic fillers in the combined system have their surfaces uniformly consolidated 
with the polymer. 

55 
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Organic composite finer (2): 

An organic composite filler (2) was prepared in the same manner as In the preparation of the organic 
composite filter (1) except that maleic anhydride was used Instead of acrylic acid, and the evaluation was 
5 conducted in the same manner as in the case of the filler (1). The filler (2) thereby obtained showed the 
same results as the filler (1 ), thus indicating uniform consolidation. : \ . 

Organic composite filler (3): 

TO " > 

Into a 500 ml four necked separable flask equipped with a condenser, a nitrogen supply tube, a stirrer 
and a thermo couple for detecting the internal temperature. 50 g of fine quartz powder (prepared by 
pulverizing quartz A- 2 manufactured by Tatsumori KJC to an average particle size of from 1 to 2 urn) and 
50 g of barium glass (prepared by pulverizing barium glass #7724 manufactured by Corning Company to an 

75 average particle size of from 1 to 2 urn) were suspended and dispersed as the inorganic compounds In 300 
ml of delonized watBr and flushed with nitrogen for 30 minutes. Then. 3.0 g of methyl methacryiate was 
added as the vinyl monomer while vigorously stirring under a nitrogen atomsphere. Then, the suspension 
was heated to 70* C in a warm water bath. After confirming that the suspension was in a uniformly 
dispersed state, a solution prepared by dissolving 0.07 g of benzoyl peroxide as the radical polymerization 

20 initiator in 0.5 g of acrylic acid as the carboxylic acid monomer was gradually added, and the polymeriza- 
tion reaction was conducted at the same temperature for 8 hours. 

After the completion of the reaction, the product was collected by filtration under reduced pressure, 
thoroughly washed with delonized water and then dried by hot air drying at 100* C to remove the moisture 
to obtain about 100 g of an organic composite filler (3). The composite filler thus obtained had a polymer 

25 content of 32% as measured by a baking method, and when it was subjected to a Soxhlet extraction test 
for 50 hours by using hot benzene as the extracting solvent the polymer content after the extraction was as 
high as 3.0%. Thus. It was found that the majority of the polymer in the composite filler was extremely 
firmly consolidated to the surface of the fine quartz powder and barium glass. Separately, 100 g of each of 
the fine quartz powder and the barium glass was polymerized In the same manner independently, whereby 
- 30 the resulting product had the same polymer content as in the case of the combined system. Therefore, it is 
considered that the two inorganic fillers in the combined system have their surfaces uniformly consolidated 
with the polymer. 



35 Organic composite fillers (4) to (6): 

Organic composite fillers (4) to (6) were prepared In the same manner as the organic composite filler 
(3) except that maleic anhydride was used instead of acrylic acid, butyl acrylate was used instead of methyl 
methacryiate. and azobisisobutyronitrile was used instead of benzoyl peroxide, respectively, and the 
<o evaluation was conducted In the same manner as In the case of the filler (3). Tne flDers (4) to (6) thus 
obtained showed the same results as the filler (3), thus indicating that they were uniformly consolidated. 

To 90 g of each of the organic composite fillers (1) to (6) obtained by the methods as described above, 
10 g of Aerosil (trade mark) R-972 (hydrophobic amorphous silica manufactured by Deutsche Goid-und 
Siiber-Schetdeanstalt Vormals RoessJer) was added as the viscosity regulating filler to obtain fillers (A) to 
45 (F). 

EXAMPLE 1 to 6 and COMPARATIVE EXAMPLES 1 and 2 

so Each of various photopoiymerizable dental compositions prepared to have the composition as identified 
in Table 1 , was filled in a stainless steel moid having an inner diameter of 4 mm and a height of 6 mm, and 
a cover glass having a thickness of about 0.1 mm was fitted on each of the top and lower surfaces. Then, 
by using a visible fight irradiator ("Optihix* manufactured by Minnesota Mining and Manufacturing Com- 
pany) Irradiation was conducted from both the top and lower surfaces for 30 seconds with a distance 

65 between the cover glass and the irradiator of 1 mm to obtain a cured product The cured product thus 
obtained was stored In water at 37* C for 24 houre.^ whereupon the compression strength was measured. 
Further, the cured product was stored in water at 37* C for one week, whereupon the compression strength 
was evaluated as the water resistance strength. The strength was measured at a cross head speed of 1 JO 
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mm/min. by using Tensllone (IS-500 manufactured by Shimadzu Corporation). 

Further, a cured product obtained in the same manner by using a stainless steel moid having an Inner 
diameter of 20 mm and a height of 1 mm was stored in water at 37* C for one week. Then, the weight 
Increase per unit surface area of the cured product was measured to evaluate the water absorption. 

s For the purpose of comparison, similar evaluation was conducted with respect to a case (a) wherein 10 
g of Aerosil (trade mark) R-972 was mixed to 90 g of a silane-treated filler obtained by treating a filler 
mixture comprising 50 g of fine quartz powder and 50 g of barium glass with 3% of a silane coupling agent 
(a^ethacryloxypropyllrimethoxYsilane. KBM #503 manufactured by Shinstsu Silicon K.K.), instead of the 
composite filler of the present invention and a case of a non-treated filler (b) prepared by mixing 10 g of 

io Aerosil (trade mark) R-972 to 45 g of each of non-treated fine quartz powder and barium glass. 

It is evident from Tabie 1 that dental materials using the composite fillers (A) to <F) of the present 
Invention (Exam plea 1 to 6) provide cured products having superior mechanical strength and water 
resistance as compared with those wherein the conventional silane-freated fillers (Comparative Example 1) 
or non-treated filters (Comparative Example 2) are used. 

75 Further, the composite fillers used in the present invention had extremely good wettability with the 
monomer mixtures (B) and could readily be consolidated with the mixtures (B) to form uniform composites. 
Besides, the outer appearance of the cured products thereby obtained were substantially superior to the 
Comparative Examples, 

20 

EXAMPLE 7 and COMPARATIVE EXAMPLES 3 and 4 

Aqueous heterogeneous polymerization was conducted in the same manner as in Example 1 except 
that 100 g of aluminum oxide powder {special grade reagent) as the inorganic compound to obtain an 

25 organic composite filler (G). The composite filler thus obtained had a polymer content of 2.5%, and the 
polymer content after the extraction treatment was 2.0%. By using this organic composite filler (G), dental 
compositions were prepared to have the compositions as Identified in Table 2, and various physical 
properties of the cured products were evaluated in the same manner as in Example 1. The results thereby 
obtained are shown in Table 2. 

30 For the purpose of comparison, evaluation in the same manner as in Example 1 was conducted with 
respect to a case wherein a silane treated filler (c) obtained by treating aluminum oxide powder with 3% of 
a silane coupling agent was used Instead of the composite filler of the present Invention and a case wherein 
non-treated aluminum oxide powder (d) was used instead of the composite filler of the present invention. 

39 

EXAMPLES 

Aqueous heterogeneous polymerization was conducted in the same manner as In Example 3 except 
that 100 g of aluminum oxide powder (special grade reagent) was used as the inorganic compound to 

40 obtain an organic composite filler (H). The composite filler thus obtained had a polymer content of 3.2%, 
and the polymer content after the extraction treatment was 2,9%. By using this organic composite filler (H), 
dental compositions were prepared to have the compositions as identified In Table 2, and various physical 
properties of the cured products were evaluated In the same manner as in Example 3. The results thereby 
obtained are shown in Table 2. 

45 It is evident from Table 2 that like the results In the Table 1. those wherein the dental compositions of 
the present invention were used have superior properties as compared with those wherein the conventional 
silane- treated fillers or non-treated fillers were employed. 



so EXAMPLES 9 to 11 and COMPARATIVE EXAMPLES 5 to 7 

Dental compositions were prepared In the same manner as in Example 1 except that the composition of 
the monomer mixture (B) was changed as shown in Table 3, and various physical properties of the cured 
products thereby obtained were evaluated In the same manner as in Example 1. The results are shown in 
' ss Tabtes 3. 
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EXAMPLES 12 TO 16 and COMPARATIVE EXAMPLES 8 TO 12 

Dental compositions were prepared fn trie same manner as in Example 3 except that the compositions 
of the monomer mixture (B) was changed as shown in Table 3, and various physical properties of the cured 
s products thereby obtained were evaluated In the same manner as in Example 3. 
The results are shown In Table 3l 

It Is evident from Table 3 that by using specific monomers as the monomer mixture (B),tt is possible to 
"obtain cured products for dental use having excellent mechanical strength and water resistance: 

As described m detail in the foregoing, the composition of the present invention is excellent in the 
to mechanical strength and water resistance and when used as a dental material composition, it exhibits 
excellent effects. 
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Claims 

1, A photopolymerizable derrta! composition, which comprises: 
(A) an organic composite filler obtained by polymerizing at least one carboxyilc acid monomer of the 
formula: 

C = cCT (I) 



*coox 




wherein Ri is a hydrogen atom, a C1-C15 alky I group, a -COOY group, a halogen atom, or a phenyl group 
or a derivative thereof; R2 is a hydrogen atom, a &-C15 aikyl group, a -COOZ group, a halogen atom, or a 
phenyl group or a derivative thereof; Rs is a hydrogen atom, a CvCis aikyl group, a halogen atom, or a 
phenyl group or a derivative thereof: and each of X, Y and Z is a hydrogen atom, NHt or an alkali metal 
20 atom; or the formula: 



J' 



30 



I 



wherein each of R* and Rs is a hydrogen atom, a C1-C13 aikyl group, a halogen atom, or a phenyl group or 
a derivative thereof; and at teast one radical polymerizable vinyl monomer in a polymerization system in 
which an Inorganic compound is dispersed; 
35 (B) a monomer mixture comprising 2.2-bts[4-(methacry'oxyethoxy)phenyI]propane, at least one hexa- 

functional urathane (meth)acrylate of the formula: 

0 



45 0^ 

X 



(III) 



so 

wherein X is 4CH 2 fppHNCOO -CH^ 



^CHjOOC-C-CHj 



CH,00C-OCH, 
2 , 2 

wherein n Is an integer of from 1 to 10, and each of Ri and R2 which may be me same or different is a 
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hydrogen atom or a methyl group, and a diluting ethylenic vinyl monomer and 

(Q) a photoporymerization initiator comprising an cr-tfiketone compound and a reducing agent 
wherein the reducing agent is a diaminobenzoprtenone compound of the formula: 



wherein each of Ri to R*. which may be the same or different is a hydrogen atom of a Ci-Cs alkyl group, 
provided that at least one of them is the alkyl group, 

2. The photo polymerlzaWe dental composition according to Claim t, wherein the carboxylfc acid 
monomer is selected from the group consisting of acrylic acid, methacryfic acid, crotonic-arid and malefc 



3. The photopolymerizabte dental composition according to Claim 1, wherein the inorganic compound is 
at least one member selected from the group consisting of barium sulfate, barium fluoride, silicon dioxide, 
aluminum oxide, titanium oxide, quartz powder, glass powder, glass beads, glass ffcers, a glass filler 
containing a barium salt, a lead salt or a strontium salt, silica gel. zirconium oxide and tin oxide. 

4. The photopolymerizabie dental composition according to Claim 1, wherein the a-tfiketone compound 
is at feast one member selected from the group consisting of camphor qui none, benzyl and diacetyl 



so 



35 



40 



45 



SO 



5 




O 




JO 



t5 anhydride. 
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Description 

The present invention relates to a dental filling composition containing a substantial amount of an 
organic composite filler as inorganic material. More particularly, it relates to a photopolymerizable dental 

s filling composition which can readily be polymerized by irradiation with a visible light to provide a cured 
product having high mechanical properties and excellent water resistance. 

For dental filling material, it is important that such material has not only good physical properties such 
as mechanical strength, abrasion resistance, water resistance and adhesive properties but also'aesthetical 
properties such as transparency and poJishability to mate it look like natural teeth. Many attempts have 

10 been made to develop a so-called composite resin having an inorganic filler incorporated into a resin, as a 
substitute material for amalgam and with an object to improve the above-mentioned properties. 

This composite resin is usually composed essentially of three components of (1) an inorganic filler, (2) 
an olefinic unsaturated compound and (3) a polymerization initiator. However, if an inorganic filler and an 
organic resin are simply blended, it is difficult to obtain adequate composite properties since the inorganic 

is filler and the organic resin are poor in the interracial affinity such as the compatibility or the adhesion to 
each other. In order to overcome such a drawback, a dental material has been proposed in which a filler 
prepared by treating a glass surface with a silane coupling agent is incorporated. However, the surface 
treatment with a silane coupling agent is limited in its applicable inorganic material to a glass filler having 
silanol groups on its surface and thus has a serious drawback that it is poor in the general applicability. 

20 Further, there is a problem such that the formed siloxane linkage is susceptible to hydrolysis and thus is 
poor in the water resistance. Accordingly, when applied to a dental filling composition, it hardly provides an 
interfacial reinforcing property to a quartz filler which is commonly employed as a filler to impart primarily 
high hardness and aesthetical properties. Further, it has a clinical problem such that since the water 
resistance is poor, the mechanical strength tends to deteriorate as time passes during clinic for a long 

25 period of time in a wet oral cavity. 

Further, various studies have been made on the monomer constituting the organic resin. For example, a 
bisphenol A multi-functional monomer represented by bisphenol A digfycidyl methacrylate (hereinafter 
referred to simply as Bis- G MA) has been proposed as a monomer which provides a composite having a 
. small polymerization shrinkage factor, and a hydrophobic monomer Z^-bis[4-(methacryIoxyethoxy)-phenyf}- 

30 propane (hereinafter referred to simply as Bis-MEPP) has been proposed as a monomer which provides 
excellent water resistance. However, Bis-GMA has a hydroxy! group in its molecule, and the resulting cured 
product is highly water absorptive and thus is poor in the water resistance. On the other hand, when Bis- 
MEPP is used, the curability is poor and adequate crosslinkmg density is hardly obtainable, and there has 
been a problem that the product is poor in the mechanical strength. Further, even if Bis-GMA and Bis- 

35 MEPP are combined to complement these drawbacks, it is impossible to obtain a composite resin having 
satisfactory properties. Accordingly, in order to determine a monomer composition for a particular purpose, 
it is necessary to study a very wide range of monomer compositions. 

K is an object of the present invention to provide a photopolymerizable dental composition having 
excellent mechanical strength and good water resistance. 

40 The present invention provides a photopolymerizable dental composition, which comprises: 

(A) an organic composite filler obtained by polymerizing at least one carboxylic acid monomer of the 
formula: 




so wherein Ri is a hydrogen atom, a d-Cis alkyf group, a -COOY group, a halogen atom, or a phenyl 
group or a derivative thereof; Ra is a hydrogen atom, a Ci-Cis alkyl group, a -COOZ group, a halogen 
atom, or a phenyl group or a derivative thereof; Rg is a hydrogen atom, a Ci-Cis alkyl group, a halogen 
atom, or a phenyl group or a derivative thereof; and each of X, Y and Z is a hydrogen atom, NH+ or an 
alkali metal atom; or the formula: 

55 
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1 



wherein each of FU and Ffe is a hydrogen atom, a C1-C15 alkyl group, a halogen atom, or a phenyl group 
or a derivative thereof; and at least one radical polymerizable vinyl monomer in a polymerization system 
in which an inorganic compound is dispersed; 

(B) a monomer mixture comprising 2,2-bis[4-(methacryloxyetiioxy)phenyllpropane, at least one hexe- 
functional urethane (meth)acrylate of the formula: 

O 



wherein X is 



-(CHo}=-HNCOO-CH^ 

^CHaOOC-OCHa 

wherein n is an integer of from 1 to 10. and each of Ri and Ffe which may be the same or different is a 
hydrogen atom or a methyl group, and a diluting ethyienic vinyimonomer; and 

(C) a photopolymerization initiator comprising an a-diketone compound and a reducing agent, wherein 
the reducing agent is a diaminobenzophenone compound of the formula: 



wherein each of R1 to FU which may be the same or different is a hydrogen atom or a Ci-Cs alkyl group, 
provided that at least one of them is the alkyl group. 

EP-A-0 284 991 which is comprised in the state of the art in the sense of Art 54(3) EPC discloses a 
photopolymerizable dental composition similar to the composition of the present invention, except that in 
this earlier application dimethylaminoethylmethacrylate or alkylesters of 4-<N.N-dimethylamino) benzoic acid 
are used as reducing agents in the photopolymerization initiator. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 

The organic composite filler (A) constituting the composition of the present invention can be obtained 
by polymerizing the carboxylic acid monomer wfth at least one other polymerizable vinyl monomer in a 
polymerization system in which an inorganic compound is dispersed. There is no particular restriction as to 
the method for its preparation. As a preferred embodiment, a method may be mentioned wherein a vinyl 
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monomer and an inorganic compound are suspended and dispersed in an aqueous medium under such a 
temperature condition that no thermal polymerization takes place, and then, the carboxylic acid monomer is 
added and stirred to initiate aqueous heterogeneous polymerization, whereby the polymerization is con- 
ducted for a predetermined period of time. 

5 In the above polymerization, a radical polymerization initiator may be added as the case requires. For 
example, it is preferred to add a radical polymerization initiator when a high graft rate is required or when a 
mixture of various vinyl monomers is used. 

The specific carboxylic acid monomer represented by the formula I or II to be used for the formation of 
the organic composite filler (A) is required to have a carboxylic acid group as an active site which brings 

10 about the polymerization activity and a double bond as an active site which provides firm consolidation of 
the resulting polymer and the inorganic compound. Any compound of the formula I or (I having such 
functional groups can be used. Specifically, acrylic acid, methacryfJc acid, crotonic acid, tjglic acid, 
cinnamic acid, maleic anhydride and citraconic anhydride may be mentioned. Among them, acrylic acid, 
meth acrylic acid, crotonic acid and maleic anhydride are particularly preferred since they have very high 

is polymerization activities. 

The inorganic compound to be used for the preparation of the organic composite filler (A) includes 
elements of Groups I. II, III, IV and V of the Periodic Table, transition metals and their oxides, hydroxides, 
chlorides, sulfates, sulfites, carbonates, phosphates and silicates, and mixtures and complex salts thereof. 
Among them, barium sulfate, barium fluoride, silicon dioxide, alminum oxide, titanium oxide, quartz powder, 

20 glass powder, glass beads, glass fibers, a glass filler containing a barium salt, a lead salt or a strontium salt, 
silica gel, zirconium oxide and tin oxide are particularly preferred since they provide particularly excellent 
effects for activating the vinyl monomer and for firm consolidation with the polymer. It is one of the features 
of the present invention that the present invention is applicable to an inorganic compound to which usual 
coupling treatment is not applicable, and the shape and the size of the inorganic compound can suitably be 

26 selected. 

As the vinyl monomer for the preparation of the organic composite filler (A) of the present invention, any 
usual radically polymerizabte vinyl monomer may be used. Specifically, the vinyl monomer includes alkyl 
esters of (meth)acrylic acid such as methyl methacrylate and butyl acrylate; aromatic vinyl monomers such 
as styrene and a-methyl styrene; vinyl cyanide monomers such as acrylonitrile and methacrylon'rtrile; and 

30 monomers useful as the ethylenic vinyl monomer mixture (B) in the present invention. The monomer is 
suitably selected depending upon the particular purpose. 

The radical polymerization initiator to be used for the preparation of the organic composite filler (A) may 
be any usual peroxide or azo compound. However, it is preferred to employ a radical polymerization initiator 
which is decomposable within a temperature range of from 40 to 100* C. Among them, peroxides such as 

as benzoyl peroxide and potassium persuHate and azo compounds such as azobisisobutylonitrilB are particu- 
larly effective and preferred in view of the graft rate of the resulting organic composite filler. 

The concentration of the carboxylic acid monomer for the preparation of the organic composite filler (A) 
is usually from about 0.05 to 100% by weight, preferably from 0.1 to 50% by weight, more preferably from 
0.5 to 30% by weight, based on the total weight of the inorganic compound and the vinyl monomer. In 

40 many cases, it is preferred to increase the amount of the carboxylic acid monomer as the vinyl monomer 
component increases. The weight ratio of the vinyl monomer or a mixture of vinyl monomers to the 
inorganic compound used may be varied within a wide range and is usually within a range of from about 
500:1 to about 1 :5, preferably from about 50:1 to about 1 :1 . When the polymerization is conducted in an 
aqueous medium, the amount of water is usually from about 1% to several hundreds times, preferably from 

45 about 10% to 10 times, based on the total weight of the inorganic compound and the vinyl monomer. 

The reaction is preferably conducted in an atmosphere of an inert gas such as nitrogen usually at a 
temperature of from about 10 to 100 *C, preferably at a temperature of about 40 to 100*C at which the 
radical p<)lyrnerization initiator can be decomposed. Here, the practical reaction -temperature is suitably 
selected depending upon the vinyl monomer. However, it is important to conduct the reaction at a controlled 

so temperature where thermal polymerization is negligible. If the reaction is conducted at a high temperature 
where thermal polymerization takes place substantially, the consolidation and the uniformity of the resulting 
composite filler will be impaired. The reaction time is usually from 30 minutes to about 15 hours. The 
resulting organic composite filler may be dried usually within a temperature range of from about 10 to 
300 *C, preferably from about 50 to 200* C. The interaction between the surface of the inorganic compound 

ss and the polymer provided by the method of the present invention is beyond a usual physical adhesion due 
to simple adsorption or van der Waals force. This is evident from the fact that a substantial amount of non- 
extracted polymer remains even when the vinyl polymer is subjected to extraction treatment with a good 
solvent. 
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in the above-mentioned organic composite filler (A), various inorganic compounds can be firmly 
consolidated with an organic polymer. Thus, the compatibility of the inorganic compound and the organic 
polymer in the composite resin is good, and the inorganic compound required for a dental composition can 
optionally be selected depending upon the particular purpose to obtain a dental composition as the desired 

s product of the prsesent invention. 

The ethylenic vinyl monomer mixture (B) to be used in the present invention contains Bis-MEPP and a 
-hexa-functional urethane (meth)acrylate of the formula III. By the combination of the two types o! 
monomers, it is surprisingly possible to obtain a composite resin having excellent mechanical strength and 
good water resistance when the composition of the present invention is cured. 

to Among the monomers of the formula III, a hexa-functional urethane acrylate wherein ri is 6, Ri is a 
hydrogen atom and R2 is a methyl group (hereinafter referred to simply as U-6HA) and a hexa-functional 
urethane methacrylate wherein n is 6 and each of R1 and Ri is a methyl group (hereinafter referred to 
simply as U-6H) are preferred from the viewpoint of curability. Among them, U-6HA is most preferred. 

In the present invention, there is no particular restriction as to thB proportions of Bis-MEPP, the hexa- 

16 functional urethane (meth)acrylate and the diluting ethylenic vinyl monomer in the monomer mixture (B). 
However, from the viewpoint of the operation efficiency for handling the composition of the present 
invention, H is preferred to adjust the proportions so that the viscosity of the composition of the present 
invention would be from 100 to 50,000 Pa's (1,000 to 500,000 poise) at 25*C. Usually, the proportions ol 
Bis-MEPP and the hexa-functional urethane (meth)acrylate in the monomer mixture (B) are from 40 to 70% 

20 by weight and from 10 to 40% by weight, respectively. Further, from the viewpoint of the water resistance 
and mechanical strength, the blend ratio (weight ratio) of the hexa-functional urethane (meth)acrylate to Bis- 
MEPP is usually from 0.05:1 to 1:1, preferably from 0.1:1 to 0A1, more preferably from 0.2:1 to 0.5:1. 

As the diluting ethylenic vinyl monomer for the present invention, the conventional monomers com- 
monly employed for dental composite resins may be used. Specific examples include alkanediol di(melh> 

25 acryiates such as 1,6-hexamethylene glycol dimsthacrylate; polyalkylene glycol di(meth)acrylates such as 
Methylene glycol dimethacrylate (hereinafter referred to simply as 3G) and tetraethyiene glycol di(meth)- 
acrytate; alkyl esters of (meth)acrylic acid such as trimethylolpropane tri(meth)acrylate, glycidyl (meth)- 
acrylate, methyl methacrylate and butyl acrylate; aromatic vinyl compounds such as styrene and a-methyl 
siyrene; and vinyl cyanide compounds such as acrylonitriie and methacrylonitrile. In the present invention, 

30 the radical polymerizable vinyl monomer used in the organic composite filler (A) and the monomer mixture 
(B) may be the same. 

The proportions of the organic composite filler (A) and the monomer mixture (B) may optionally be 
selected depending upon the types and the purposes of the inorganic compound used for the filler (A) and 
the monomer mixture (B). However, the organic composite filler (A) and the monomer mixture (B) are used 

as usually within the ranges of from 20 to 90 parts by weight and from 10 to 60 parts by weight respectively. 

There is no particular restriction as to the photopolymerization initiator (C) in the present invention. 
However, in view of its dental use in the oral cavity, it is preferably operable with a visible light having a 
wavelength of from 400 to 600 nm excluding the near ultraviolet region. Further, from the clinical standpoint, 
it is preferably curable in about 30 seconds. 

40 The photopolymerization initiators (C) include a-diketone compounds such as camphor quinone 
(hereinafter referred to simply as CQ), benzil and diacetyl, and a mixture thereof. The a-diketone compound 
is used in combination with a reducing agent. In the composition of the present invention, the reducing 
agent is required from the viewpoint of high curability to be diaminobenzophenone compounds of the 
formula: 



wherein each of Ri to FU which may be the same or different is a hydrogen atom or a C1-C5 alkyl group, 
provided that at least one of them is the alkyl group. Among them, 4,4'-bis(dimethylamino}benzophenone 
(hereinafter referred to simply as AB) wherein each of Ri to R* is a methyl group is particularly preferred 
55 from the viewpoint of curability. 

The amount of the photopolymerization initiator (C) is suitably selected taking into consideration the 
curability, the storage stability and the color tone of the compos iton. However, in a combined system of the 
a-diketone compound with the diaminobenzophenone compound, the initiator is used usually in such an 



45 
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amount that the a-diketone compound is from 0.01 to 1 5% by weight, preferably from 0.05 to 5% by 
weight, more preferably from 0.1 to 2% by weight, relative to the monomer mixture (B). and the 
diaminobenzophenone compound is within a range of from 0.01 to 15% by weight relative to the monomer 
mixture (5). 

s In addition to the above components, a further filler may be added to the composition of the present 
invention, as the case requires. Such a filler component includes elements of Groups I, II, ill. IV and V, 
transition metals and their oxides, hydroxides, chlorides, sulfates, sulfites, carbonates, phosphates and 
silicates, and mixtures and complex salts thereof. Among them, silicon dioxide, quartz powder, aluminum 
oxide, barium sulfate, titanium oxide, talc, glass powder, glass beads, glass fibers, a glass filler containing a 

w barium salt or a lead salt, silica gel, colloidal silica, carbon fibers, zirconium oxide, tin oxide and other 
ceramics powders are preferred. The above filler may be a non-treated filler, a filler having its surface 
treated with e.g. a silane coupling agent or an organic composite filler obtained by consolidating a filler with 
a polymer, followed pulverization. 

The amount of the further filler to be optionally incorporated can be suitably changed depending upon 

is the particular purpose of the photopolymerizable dental composition. However, the filler is usually incor- 
porated in an amount within a range of from 0.1 to 10*% by weight preferably from 0.5 to 5 x 102% by 
weight more preferably from 1 to 10*% by weight, relative to the above-mentioned monomer mixture (B) to 
form a paste composition. 

Further, a coloring agent a polymerization inhibitor (such as hydroquinone, methoxybenzophenone, 

20 methyl phenol or hydroquinone rnonomethyl ether), an oxidation stabilizer, an ultraviolet absorber (such as 
benzophenone), a pigment (such as iron oxide or titanium oxide) and a dyestuff may further be incorporated 
to the composition of the present invention, as the case requires. 

Now. the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to such specific Examples. In the 

25 Examples, "parts" means 'parts by weight*. 

Pr eparation of organic composite fillers 
Organic composite filler (1): 

30 

In a 500 mi four necked separable flask equipped with a condenser, a nitrogen supply tube, a stirrer 
and a thermo couple for detecting the internal temperature, 50 g of fine quartz powder (prepared by 
pulverizing quartz A-2 manufactured by Tatsumori K.K. to an average particle size of from 1 to 2 urn) and 
50 g of barium glass (prepared by pulverizing barium glass #7724 manufactured by Corning Company to an 

35 average particle size of from 1 to 2 am) were suspended and dispersed as the inorganic compounds in 300 
ml of deionized water and flushed with nitrogen for 30 minutes. Then, 3.0 g of methyl methacrylate was 
added as the vinyl monomer while vigorously stirring under a nitrogen atomsphere. Then, the suspension 
was heated to 70* C in a warm water bath. After confirming that the suspension was in a uniformly 
dispersed state, OS g of acrylic acid as the carboxylic acid monomer was gradually added, and the 

40 polymerization reaction was conducted at the same temperature for 6 hours. 

After the completion of the reaction, the product was collected by filtration under reduced pressure, 
thoroughly washed with deionized water and then dried by hot air drying at 100* C to remove the moisture 
to obtain about 10D g of an organic composite filler (1). The composite filler thus obtained had a polymer 
content of 2.5% as measured by a baking method, and when it was subjected to a Soxhlet extraction test 

45 for 50 hours by using hot benzene as the extracting solvent, the polymer content after the extraction was 
2.0%. Thus, H was found that the majority of the polymer in the composite filler was extremely firmly 
consolidated to the surface of the fine quartz powder and barium glass. Separately, 100 g of each of the 
fine. quartz powder and the barium glass was polymerized in the same manner independently, whereby the 
resulting product had the same polymer content as in the case of the combined system. Therefore, it is 

so considered that the two inorganic fillers in the combined system have their surfaces uniformly consolidated 
with the polymer. 

Organic composite filler (2): 

55 An organic composite filler (2) was prepared in the same manner as in the preparation of the organic 
composite finer (1) except that maleic anhydride was used instead of acrylic acid, and the evaluation was 
conducted in the same manner as in the case of the filler (1). The filler (2) thereby obtained showed the 
same results as the filler (1), thus indicating uniform consolidation. 
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Organic composite filler (3): 

into a 500 ml four necked separable flask equipped with a condenser, a nitrogen supply tube, 8 stirrer 
and a thermo couple for detecting the internal temperature, 50 g of fine quartz powder (prepared by 

s pulverizing quartz A-2 manufactured by Taisumori K.K. to an average particle size of from.1 to 2 urn) and 
50 g of barium glass (prepared by pulverizing barium glass #7724 manufactured by Corning. Company to an 
" average particle size of from 1 to 2 urn) were suspended and dispersed as the inorganic compounds in 300 
ml of deionized water and flushed with nitrogen for 30 minutes. Then, 3.0 g of methyl methacryiate was 
added as the vinyl monomer while vigorously stirring under a nitrogen atomsphere. Then, the suspension 

io was heated to 70 "C in a warm water bath. After confirming that the suspension was in a uniformly 
dispersed state, a solution prepared by dissolving 0.07 g of benzoyl peroxide as the radical polymerization 
initiator in 0.5 g of acrylic acid as the carboxylic acid monomer was gradually added, and the polymeriza- 
tion reaction was conducted at the same temperature for 8 hours. 

After the completion of the reaction, the product was collected by filtration under reduced pressure, 

is thoroughly washed with deionized water and then dried by hot air drying at 100' C to remove the moisture 
to obtain about 100 g of an organic composite filler (3). The composite filler thus obtained had a polymer 
content of 3.2% as measured by a baking method, and when it was subjected to a Soxhlet extraction test 
for 50 hours by using hot benzene as the extracting solvent, the polymer content after the extraction was as 
high as 3.0%. Thus, it was found that the majority of the polymer in the composite filler was extremely 

20 firmly consolidated to the surface of the fine quartz powder and barium glass. Separately, 100 g of. each of 
the fine quartz powder and the barium glass was polymerized in the same manner independently, whereby 
the resulting product had the same polymer content as in the case of the combined system. Therefore, rt is 
considered that the two inorganic fillers in the combined system have their surfaces uniformly consolidated 
with the polymer. 

25 

Organic composite fillers (4) to (6): 

Organic composite fillers (4) to (6) were prepared in the same manner as the organic composite filler (3) 
except that maleic anhydride was used instead of acrylic acid, butyl acrylate was used instead of methyl 
30 methacryiate, and azobisisobutyronrtrile was used instead of benzoyl peroxide, respectively, and the 
evaluation was conducted in the same manner as in the case of the filler (3). The fillers (4) to (6) thus 
obtained showed the same results as the filler (3), thus indicating that they were uniformly consolidated. 

To 90 g of each of the organic composite fillers (1) to, (6) obtained by the methods as described above, 
10 g of Aerosil (trade mark) R-972 (hydrophobic amorphous silica manufactured by Deutsche Gold-und 
35 Silber-Scheideanstart Vormals Roessler) was added as the viscosity regulating filler to obtain fillers (A) to 
(F). 

EXAMPLE 1 to 6 and COMPARATIVE EXAMPLES 1 and 2 

AO Each of various photopolymerizable dental compositions prepared to have the composition as identified 
in Table 1, was filled in a stainless steel mold having an inner diameter of 4 mm and a height of 6 mm, and 
a cover glass having a thickness of about 0.1 mm was fitted on each of the top and lower surfaces. Then, 
by using a visible light irradiator ("Optilux" manufactured by Minnesota Mining and Manufacturing Com- 
pany) irradiation was conducted from both the top and lower surfaces for 30 seconds with a distance 

45 between the cover glass and the irradiator of 1 mm to obtain a cured product The cured product thus 
obtained was stored in water at 37* C for 24 hours, whereupon the compression strength was measured. 
Further, the cured product was stored in water at 37* C for one week, whereupon the compression strength 
was evaluated as the water resistance strength. The strength was measured at a cross head speed of 1.0 
mm/min. by using Tensilone (IS-500 manufactured by Shimadzu Corporation). 

so Further, a cured product obtained in the same manner by using a stainless steel mold having an inner 
diameter of 20 mm and a height of 1 mm was stored in water at 37 *C for one week. Then, the weight 
increase per unit surface area of the cured product was measured to evaluate the water absorption. 

For the purpose of comparison, similar evaluation was conducted with respect to a case (a) wherein 10 
g of Aerosil (trade mark) R-972 was mixed to SO g of a silane-treated filler obtained by treating a filler 

ss mixture comprising 50 g of fine quartz powder and 50 g of barium glass with 3% of a silane coupling agent 
(3-metoacryloxypropyltrimethoxysilane, KBM #503 manufactured by Shinetsu Silicon K.K.), instead of the 
composite filler of the present invention and a case of a non-treated filler (b) prepared by mixing 10 g of 
Aerosil (trade mark) R-972 to 45 g of each of non-treated fine quartz powder and barium glass. 



7 



EP 0 295 627 B1 



ft is evident from Table 1 that dental materials using the composite fillers (A) to (F) of the present 
invention (Examples 1 to 6) provide cured products having superior mechanical strength and water 
resistance as compared with those wherein the conventional silane-treated filters (Comparative Example 1) 
or non-treated fillers (Comparative Example 2) are used. 
5 Further, the composite fillers used in the present invention had extremely good wettability with the 
monomer mixtures (B) and could readily be consolidated with the mixtures (B) to form uniform i composites. 
Besides, the outer appearance of the cured products thereby obtained were substantially superior to the 
Comparative Examples. 

■r 

jo EXAMPLE 7 and COMPARATIVE EXAMPLES 3 and 4 

Aqueous heterogeneous polymerization was conducted in the same manner as in Example 1 except 
that 100 g of aluminum oxide powder (special grade reagent) as the inorganic compound to obtain an 
organic composite filler (G). The composite filler thus obtained had a polymer content of 2.5%, and the 

75 polymer content after the extraction treatment was 2.0%. By using this organic composite filler (G), dental 
compositions were prepared to have the compositions as identified in Table 2, and various physical 
properties of the cured products were evaluated in the same manner as in Example 1 . The results thereby 
obtained are shown in Table 2. 

For the purpose of comparison, evaluation in the same manner as in Example 1 was conducted with 

20 respect to a case wherein a silane treated filler (c) obtained by treating aluminum oxide powder with 3% of 
a silane coupling agent was used instead of the composite filler of the present invention and a case wherein 
non-treated aluminum oxide powder (d) was used instead of the composite filler of the present invention. 

EXAMPLES 

26 

Aqueous heterogeneous polymerization was conducted in the same manner as in Example 3 except 
that 100 g of aluminum oxide powder (special grade reagent) was used as the inorganic compound to 
obtain an organic composite filler (H). The composite filler thus obtained had a polymer content of 3.2%, 
and the polymer content after the extraction treatment was 2.2%. By using this organic composite filler (H), 

so dental compositions were prepared to have the compositions as identified in Table 2, and various physical 
properties of the cured products were evaluated in the same manner as in Example 3. The results thereby 
obtained are shown in Table 2. 

ft is evident from Table 2 that like the results in the Table 1 . those wherein the dental compositions of 
the present invention were used have superior properties as compared with those wherein the conventional 

as silane-treated fillers or non-treated fillers were employed. 

EXAMPLES 9 to 11 and COMPARATIVE EXAMPLES 5 to 7 

Dental compositions were prepared in the same manner as in Example 1 except that the composition of 
ao the monomer mixture (B) was changed as shown in Table 3, and various physical properties of the cured 
products thereby obtained were evaluated in the same manner as in Example 1. The results are shown in 
Tables 3. 

EXAMPLES 12 to 16 and COMPARATIVE EXAMPLES 8 to 12 

45 

Dental compositions were prepared in the same manner as in Example 3 except that the compositions 
of the monomer mixture (B) was changed as shown in Table 3, and various physical properties of the cured 
products thereby obtained were evaluated in the same manner as in Example 3. 
The results are shown in Table 3. 
so ft is evident from Table 3 that by using specific monomers as the monomer mixture (B), it is possible to 
* obtain cured products for dental use having excellent mechanical strength and water resistance. 

As described in detail in the foregoing, the composition of the present invention is excellent in the 
mechanical strength and water resistance and when used as a dental material composition, it exhibits 
excellent effects. 
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55 Claims 

1. A photopolymerizabte dental composition, which comprises: 

(A) an organic composite filler obtained by polymerizing at least one carboxylic acid monomer of the 
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formula; 





en 



wherein Ri is a hydrogen atom, a C1-C15 alkyl group, a -COOY group, a halogen atom, or a phenyl 
group or a derivative thereof; R2 is a hydrogen atom, a C1-C15 alky! group, a -GOOZ group, a 
halogen atom, or a phenyl group or a derivative thereof, Ra is a hydrogen atom, a C1-C15 alkyt 
group, a halogen atom, or a phenyl group or a derivative thereof; and each of X, Y and Z is a 
hydrogen atom, NH4 or an alkali metal atom; or the formula: 




(ID 



wherein each of FU and R5 is a hydrogen atom, a C1-C15 alkyl group, a halogen atom, or a phenyl 
group or a derivative thereof, and at least one radical polyrnerizable vinyl monomer in a polymeriza- 
tion system in which an inorganic compound is dispersed; 

(B) a monomer mixture comprising 2^-bis[4-(methacryloxyethoxy)phenylJpropane;at least one hexfr- 
functional urethane (meth)acrylate of the formula; 




(III) 



wherein X is 



-fra 2 +^pHNcoo-c<^ 



CH 2 OOC-C=CH 2 
CH 2 OOOC=CH 2 



wherein n is an integer of from 1 to 10, and each of R1 and Ffe which may be the same or different 
is a hydrogen atom or a methyl group, and a diluting ethytenic vinyl monomer; and 
(C) a photopolymerization initiator comprising an o-diketone compound and a reducing agent, 
wherein the reducing agent is a diaminobenzophenone compound of the formula: 
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R 1 R 2 N — \ / II \ /^NR 3 R 4 (IV) 

5 ^ 

wherein each of Ri to R4 which may be the same or different is a hydrogen atom or a C1-C5 alkyl 
group, provided that at least one of them is the alkyl group. 

■." 

10 2. The photoporymerizable dental composition according to Claim 1, wherein the carboxytic acid monomer 
is selected from the group consisting ol acrylic acid, moth acrylic acid, crotonic-actd and maleic 
anhydride. 

3b The photoporymerizable dental composition according to Claim 1, wherein the inorganic compound is 
15 at least one member selected from the group consisting of barium sulfate, barium fluoride, silicon 
dioxide, aluminum oxide, titanium oxide; quartz powder, glass powder, glass beads, glass fibers, a 
glass filler containing a barium sail, a lead salt or a strontium sail, silica gel, zirconium oxide and tin 
oxide. 

20 4. The photopotymerizable dental composition according to Claim 1 . wherein the crdiketone compound is 
at leas! one member selected from the group consisting of camphor quinone, benzi! and diacetyl. 

PatentansprUche 

26 1. Photopolymerisierbare DentaJzusammensetzung, umfassend: 

(A) einen organischen zusammengesetzten FUllstoff, welcher durch Polymerisieren mindestens eines 
CarbonsSuremonomeren der Formel: 



30 





(I) 

coox 



35 worin Ri ein Wasserstoffatom, sine Ci-Cis-Alkylgruppe, eine-COOY-Gruppe, ein Halogenatom Oder 

eine Phenylgruppe Oder ein Derivat hiervon; R* ein Wasserstoffatom, eine Ci-Cis-AIkylgruppe, eine- 
COOZ-Gruppe, ein Halogenatom Oder eine Phenylgruppe Oder ein Derivat hiervon; Rs ein Wasser- 
stoffatom, eine d-Cis-AJkylgruppe, ein Halogenatom Oder eine Phenylgruppe Oder ein Derivat 
hiervon; und X, Y und Z jeweils ein Wasserstoffatom, NH* Oder ein Allcalimetallatom bedeuten; Oder 

40 der Formel: 



45 



SO 




(ID 



worin FU und Rs jeweils ein Wasserstoffatom, eine C1 -Ci j-AIkylgruppe, ein Halogenatom oder eine 
55 Phenylgruppe Oder ein Derivat hiervon bedeuten; sowie mindestens eines radikalisch polymerisier- 

baren Vinylmonomeren in einem Polymerisafionssystem, in welchem eine anorganische Verbindung 
dispergiert ist. erhalten worden ist; 

(B) eine Monomermischung, umfassend 2^-Bis[4-(memacryloxyethoxyHirtenylH>ropan 1 mindestens 
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ein hexafunktionelles Urethan(meth)acrylat der Formel: 



0 



(III) 



worin X 



v 

.CH 3 00C-C=CH 2 

bedeutet, 

worin n eine ganze Zah! von 1 bis 10 und Ri und Ffc, die gleich Oder verschieden sein konnen, 
jeweils ein Wasserstoffatom Oder eine Methylgruppe darstelten, und ein ethylenisches Vinylmonomer 
zur VerdUnnung; und 

(C) einen Photopolymerisationsinitiator, umfassend eine «-Diketonverbindung und ein Reduktionsmit- 
tel, wobei das ReduktionsmHtel eine Diaminobenzophenonverbindung der Formel: 




R 1 R 2 N^ J ^ = / II \— 7^NR^R A (ivi 

1st worin Ri bis FU, die gleich Oder verschieden sein kdnnen, jeweils ein Wasserstoffatom Oder eine 
Ci-Cs-Alkyfgruppe bedeuten, mit der Mafigabe, daa mindestens eine dieser Gruppen die Alkylgrup- 
pe darstellt 

2. Photopolymerisierbare Dentalzusammensetzung nach Anspruch 1, wobei das CarbonsSuremonomer 
aus der bus AcrylsSure, MethacrylsSure, Crotonsaure und MaleinsSureanhydrid bestehenden Gruppe 
ausgewShlt ist 

& Photopolymerisierbare Dentalzusammensetzung nach Anspruch 1 , wobei die anorganische Verbindung 
mindestens ein Vertreter ist, welcher aus der aus Bariumsuifat, Bariumfluorid, Silitiumdioxid, Alumin'h 
umoxid. Trtanoxid. Quarzpulver, Glasputver, GlaskQgeichen, Glasfasern, einem ein Bartumsalz, Bleisalz 
Oder Strontiumsalz enthaltenden Glasfllllstoff, Silicagel, Zirkonoxid Oder Zinnoxid bestehenden Gruppe 
ausgewahtt ist 

4. Photopolymerisierbare Dentalzusammensetzung nach Anspruch 1, wobei die o-Diketonverbindung 
mindestens ein Vertreter ist, weicher aus der aus Campherchinon, Benzil und Diacetyl bestehenden 
Gruppe ausgewfihH ist 

Revendlcatlons 
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Composition dentaire photopolyrn^risabte, qui com pre nd ; 

(A) une charge composite organique obtenue par polymerisation d'au moins un acide carboxylique 
monomer© represents" par la formula : 





c * cCT J <*> 
coox . 



dans laquelle : 

- Ri repnlsente un atome d'hydrogene, un groupe alkyle en C1-C15, un groups -COOY, un 
atome d'halogene. ou un groupe phenyls ou un derive* de ce!ui-ci ; 

- Ra represente un atome d'hydrogene, un groupe alkyle en Ci-Cis, un groupe ^COOZ, un 
atome d'halogene, ou un groupe phenyle ou un derive de celui-ci ; 

- Ra repnSsente un atome d'hydrogene. un groupe alkyle en Ci-Cis. un atome d'halogene, ou 
un groupe phenyle ou un derive" de celui-ci ; et 

- X. Y et Z representent chacun un atome d'hydrogene. NH* ou un atome de metal alcalin ; ou 
represents* par la formule : 



(ID 




dans laquelle FU et Rs repre*sentent chacun un atome d'hydrogene, un groupe alkyle en Cr 
C15. un atome d'halogene, ou un groupe phenyle ou un denve" de celui-ci ; 

et d'au moins un monomers vinylique polymdrisable par voie radicalaire, dans un systeme de 

polymerisation dans lequel un compost mineral est disperse" ; 

(B) un melange de monomeres comprenant le bis[ (m6thacryloxyethoxy)-4 ph6nyl]-2,2 propane, au 
moins un urethanne (rneth)acrylate hexafonctionnel. represents par la formule : 



0 

J 



dans laquelle : 
- X repnSsente 
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fx 

.CH.OOOOCH,, 

XH-(X)C-C=CH ' 

2 I 2 / 

□0 n est un entier de 1 a 10, et Ri et Rs, qui peuvent 6tre identiques ou diffeVents, 
representerrt chacun un atome d'hydrogene ou un group© m^thyte ; 
et un monomere vinylique eMhylenique de dilution ; et 

(C) un initiateur de photopolymerisation comprenant un compose" de type crdicStone et un agent 
nSducteur. dans lequet I'agent nSducteur est un compose* de type diaminobanzophenone represents 
par la formule : 




R X R 2 N \ / || \ 7^NR 3 R 4 <IV) 



dans laquelle Ri a R+, qui peuvent etre identiques ou diffeVents, repr^sentent chacun un atome 
d'hydrogene ou un groupe alkyle en Ci-Cs, a la condition qu'au moins I'un d'eux soit le groupe 
alkyle. 

Composition dentaire photopolymeVisable selon la revindication 1, dans laquelle I'acide carboxylique 
monomere est choisi dans le groupe constitue' par I'acide acrylique, I'acida methacrylique. I'acide 
crotonique et ('anhydride mal^ique. 

Composition dentaire photopolym€risable selon la revendication 1, dans laquelle le compose" mineral 
est au moins un element choisi dans le groupe constitue' par le sulfate de baryum, le fluorure de 
baryum, le dioxyde de silicium, I'oxyde d' aluminium, I'oxyde de titane, la pcudre de quarts, la poudre 
de verre, les perles de verre, les fibres da verre, une charge de verre corrtenant un sel de baryum, un 
sel de ptomb ou un sel de strontium, le gel de silice. I'oxyde de zirconium et I'oxyde detain. 

Composition dentaire photopolymeVisable selon la revendication 1, dans laquelle le compose' de type a- 
dicdtone est au moins un element choisi dans le groupe constitue* par la camphre quinone. le benziie et 
le diacetyle. 
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